The measurement algorithms applied in power quality measurement systems are based on Fast Fourier Transformation. That one-dimension frequency analysis is sufficient in many cases. However, to illustrate the character of the signal in a more comprehensive manner, it is crucial to represent the investigated signal on time-frequency plane. There are a lot of time-frequency representations (TFR) for presenting measured signal. The TFR: Short-Time Fourier Transformation (STFT), Smoothed Pseudo Wigner-Ville Distribution (SPWVD) and Gabor-Wigner Transform (GWT) are described in the paper. The ability of implementation of mentioned methods in harmonics computation according to the power quality standards were presented in the paper.
Introduction
The measurements of the power quality frequency parameters (i.e. THD factor) are currently performed with the help of FFT transformation [2] [3] . In spite of high computation efficiency, the method does not give positive results during measurements of the fast spectrum changes. Therefore, current research is performed into the application of alternative methods enabling spectrum measurements and time localization.
Simultaneous localization disturbances in time-and frequency-domains may be performed with the help of time-frequency methods. Among many of time-frequency methods monitoring of power quality parameters is taken into consideration: Short-Time Fourier Transform (STFT), Smoothed Pseudo Wigner-Ville Distribution (SPWVD) and Gabor-Wigner Transform. The SPWVD does not include characteristic distortions for Wigner-Ville Distribution (WVD) -time and frequency cross-terms. The SPWVD features loss of excellent WVD time-frequency resolution. To get better resolution than SPWVD and to avoid cross-term distortions the Gabor-Wigner Transform (GWT) has recently been proposed. Unfortunately, there are some specific circumstances, where GWT gives wrong results.
The special signal's model, which includes these features in the researches was implemented. It is interesting comparison of: standard STFT, SPWVD and GWT in measurements of power supply harmonics and interharmonics.
Power quality and standards
The power quality (PQ) issue should be regarded in relation to: EN 50160 [1] and EMC standards 61000 [2, 3] family. Moreover, in many countries, there also exist local regulations defined by governmental order. The standard [1] defines the main voltage parameters and their permissible deviation ranges at the customer's point of common coupling in public low voltage (LV) and medium voltage (MV) electricity distribution systems, under normal operating conditions. Recommendations included in the standard characterize PQ with the help of parameters describing: power frequency, voltage magnitude, shape of voltage waveform, three-phase voltage unbalance and continuity of supply. It does not yet define the measurement methods required for computation of particular parameters. Detailed definitions, measurement methods and measurement equipment construction guidelines are presented i.e. in [2, 3] . The harmonics and interharmonics measurement procedure is specifically defined in [2] . The main guidelines are described below:
• measurement systems should include: input circuits equipped with anti-aliasing filters, analog-to-digital converter with sample-hold circuit, synchronization and window-shaping unit, DFT-processor, • the time window shall be synchronized with each group of 10 or 12 cycles according to the Power system frequency of 50 Hz or 60 Hz. These recommendations define the spectrum resolution of DFT: 5Hz for 50Hz systems and 6Hz for 60Hz systems; • sampling frequency and number of samples in a time window should be matched to minimize synchronization error, with a permissible error of 0.03%; • the definition of indices which characterize the content of harmonics in 50 Hz systems is presented in Fig. 1 and with the help of (1) and (2); • the definition of indices which characterize the content of interharmonics in 50 Hz systems is presented in Fig. 2 and with the help of (3) and (4). 
Time-frequency analysis
For non-stationary signal (often encountered in power networks) research it is necessary to use time-frequency methods. The methods can be divided in several ways. One of the divisions is shown in the Fig. 3 [4, 5] . In linear methods, the signal being analyzed is compared directly with suitable elementary functions. Computational complexity of linear methods is relatively smaller in comparison to nonlinear methods. The nonlinear methods have a significant advantage of direct energy signal projection on time-frequency plane. This is particularly important in power signal measurements.
Disadvantage of linear, especially bilinear analysis, is the typical interference called crossterms. The so called "transformation kernel", enabling match of the analysis adaptation with the examined interference, should be properly chosen to reduce the said cross terms [5] . In the measurement of power quality parameters and power network disturbances the research is focused on application of multiple time-frequency methods that belong to the groups above. 
STFT, GWT and SPWVD in harmonics computation
Originally, continuous Short-Time Fourier Transformation (STFT) is a natural Fourier Transform extension with analyzing time-window overlay that enables to determine a point in time for signal spectrum fluctuation. Optimal adjustment of STFT parameters and results processing were the subject of many publications [6, 7, 8] . Also, guidelines for STFT analysis parameter selection were defined in standard PN-EN 61000-4-7 [2] , which is currently one of the basic principles for designing electric power quality measuring devices. Definition of such analysis is represented by formula (5) below [5] :
where:
In particular, substitution window γ(t) (which is a Gauss function represented by formula (6)) to formula, (5) results (7):
Wigner-Ville transformation (distribution) WVD is presented as follows (8) [5] : 
One of the advantages of WVD with relation to GT (and STFT also) is resolution, which is twice as high.
Another advantage of WVD is the fact that WVD gives direct information about time-frequency localization of signal energy. It enables application of the transformation to evaluate energy included in higher harmonics and to localize it in time domain. Equation (8) assumes limit of integration for displacement from -∞ to +∞. As a rule of a thumb, such requirement is impossible to meet, so WVD is overlaid on h(t) time-window, which results in Pseudo WignerVille Distribution (PWVD) (as described by formula 10):
h(t) -window reducing cross-terms in time domain.
Time-window overlay operation is equal to WVD frequency filtering. Usually, the interference between time-shifted signals is attenuated, but cross-terms between frequency-shifted signals still exist.
There are several ways of resolving the problem of frequency cross-terms attenuating. Two methods are described below.
To minimize cross-terms between components in frequency domain, PWVD results are attenuated with low-pass filtering, using the g(t) attenuation window. Such analysis is described as Smoothed Pseudo WignerVille Distribution (SPWVD), defined with formula (11): The disadvantage of using filtering windows is limiting of original excellent time-frequency resolution features. Selection of proper h(t) and g(t) windows in expected interference function and requested spectrum resolution causes significant problems.
An alternative solution, to be used instead of SPWVD or other billing methods for cross-term reduction, is the Gabor-Wigner Transformation (GWT). GWT is defined by the following relations (12-15) [9] [10] [11] [12] , and the detailed properties are shown in [9] :
( ) ( ) ( )
In fact, GWT is a composition of two time-frequency planes, being a result of Gabor Transformation and WVD. Such approach can be taken thanks to linked advantages of both transforms: excellent WVD timefrequency properties and lack of cross-terms -GT. Because of the real signal analysis it is not uncommon to use PWVD instead of WD.
Case studies
To demonstrate the analysis reaction on the harmonics distortion, the model of test signal was proposed (16) 
The STFT, GWT and SPWVD analyses were examined. The input parameters of the methods are included in Table I . Figs. 4-6 present time-frequency planes for STFT, GWT and SPWVD respectively (input parameters as in Table I The GWT results of the analyzed signal show an unattenuated cross-term overlaying the 100 Hz component (Fig. 8) . It is particularly apparent in Fig. 5 in frequency-marginal condition -the 100 Hz component reveals a significantly greater amplitude than other 50 Hz and 150 Hz. The 3D view (Fig. 7) shows the characteristic high-frequency interference overlaid on 100 Hz component. The interference occurs, as Gabor Transformation constituting an integral part of GWT does not attenuate the sections of signals with auto-terms. In SPWVD analysis (Figs. 6 and 9) this interference is attenuated, since all high-frequency components, including cross-terms, get reduced on time-frequency plane. To emphasize the differences between results for individual methods, Fig. 10 to 17 show a comparison of frequency cross-sections profiles for time of 0.9 s. On the basis of the analysis of the methods used, the following conclusions can be drawn: -it is possible to replace standard STFT with SPWVD and Hamming window of 0.2 s (input parameters in Table I point 4) . Such a solution guarantees the frequency resolution of 5 Hz and greater attenuation of side lobes than in case of STFT, -application of 0.1 s Hamming window (input parameters in Table I 
Conclusion
Several time-frequency tools for power signal analysis have been presented above. The possibilities of their usage in detection of disturbances and higher harmonics measurement have been described. It has been proved that the GWT analysis gives invalid results for signals with frequency components whose frequency is half as much as the adjacent auto-terms. Therefore an additional analysis of time-frequency plane, aimed at eliminating these disturbances, is required.
The standard STFT analysis can be replaced with SPWVD analysis. When using Hamming window of 0.2 s in SPWVD, greater attenuation of side lobes can be obtained, as compared to STFT. Thus, the results of harmonic computation are less subject to disturbances caused by spectral leakage.
In general, SPWVD and GWT analyses, are much more computational than standard STFT. Therefore further research is conducted for the ways of their application in embedded equipment that uses these analyses in on-line computation.
